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Increasing demands for nurses and nursing practitioners in Australia mean an influx of 
nursing students could put strain on classroom activities and learning effectiveness. Nursing 
is a very practical occupation and distance learning limits the students’ exposure to practical 
activities and procedures. Research showed that nursing education was also in need of a 
technology boost, embracing new technologies for learning and training.   
This project describes a developmental process of designing an enhanced software training 
tool using industrial automation apparatus for the purposes of external nursing students. The 
enhanced training tool in question is an intravenous (IV) infusion pump driver emulator. The 
features of the real pump driver were mimicked in software but enhanced with audio and 
visual cues to create a sense of realism.  
To achieve an accurate and realistic mimic of an IV infusion pump driver various learning 
methods and software aesthetics were researched and put into practice. Iterative design and 
testing techniques were adopted to ensure bugs and errors were minimized and realistic 
flowing software was produced.  
As a result of completing the enhanced software training tool it became apparent that the 
views and opinions of the end-user were very important during the design process to ensure 
it meets the users’ needs. Because user centered design was implemented a user friendly 
training tool was created allowing students to self-assess their performance in pump 
operations, meeting the pedagogical requirements of the activity. Surveys were conducted 
and positive feedback was received including ideas for improvements and further work. 
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The initial chapter of this dissertation introduces a brief history of automation and typical 
applications that modern day automation techniques utilise. Modern automation hardware 
and software are suggested to be viable options for the successful development of an IV 
infusion pump driver emulator.  
The project aims and objectives are listed along with chapter descriptions for this 
dissertation.    
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The dawn of the industrial revolution in the late 1700’s saw production and manufacturing 
processes being powered by water wheels, steam and later the internal combustion engine. 
These innovations resulted in the processes becoming more resourceful and efficient (Arnold 
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and white 1963). The steam turbines provided the first rotary machines which allowed a vast 
amount of possibilities. Machines could be designed and built to meet specific specifications 
and applications, production lines and processes became mechanized.  
Mechanized processes took over tasks that were traditionally carried out by hand. These 
processes such as production lines naturally evolved into semi-automated sequences, the 
most famous example being the assembly line of the model T Ford car in the early 20th 
century. The importance of automation was felt across the world with countries being able to 
produce more products using a smaller workforce and such advances allowed economies to 
flourish (Arnold and white 1963).  
Until the invention of the transistor and subsequently the digital computer, industrial 
automation was accomplished using pneumatics and large numbers of interconnected 
devices, such as relays, timers and counters to form a logic network. This type of 
configuration allowed a process to become fully automated. For large and complex 
processes, a huge amount of devices would be required which made fault finding an odious 
task. Being mechanical in nature these systems would also require regular maintenance 
which would result in increased downtime and therefore productivity suffered.  
Programmable logic controllers (PLC’s) are in essence ruggedized microcontrollers 
designed to run logic programs in harsh industrial environments. PLC’s are a much more 
stable platform to run programs on compared to a desktop computer and this is of great 
importance in control systems such as process plants and production lines.  
Associating operator input with the control logic is often done with physical switches, 
buttons and sensors. However human machine interface software (HMI) allows operators to 
monitor and control a process via a graphical user interface (GUI) known as SCADA 
(Supervisory Control And Data Acquisition).  
A mimic of a machine or process can be developed graphically and inputs and outputs (I/O) 
associated with it.  A typical SCADA screen will emulate the system in question providing 
visual and audio feedback to the operator. SCADA has the advantage of bringing all 
necessary controls and information into one place and it could also be positioned in a remote 
location away from the actual process. 
Automation software today is very powerful and is capable of providing a great number of 
solutions for a seemingly infinite number of application possibilities.   
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Until now it would appear that modern industrial automation hardware and software tools 
have been mainly limited in their use to the types of industrial applications mentioned above. 
This project seeks to develop a realistic emulation of an IV infusion pump driver using these 
very tools to prove that they are flexible enough to design and develop enhanced learning 
activities for non-technical users.  
The emulator must mimic all the necessary functions of the pump including a start-up 
sequence, lights, sounds, messages, data entry, alarms and outputs (pump). The emulation is 
intended to be made accessible to external students who will be able to log-in through the 
remote access laboratory (RAL) system.  
The emulator must be designed to provide a learning environment for USQ (University of 
Southern Queensland) nursing students in which they can enter a ‘learning mode’ and be 
presented with a walkthrough of how to set up an infusion. The user must also be able to 
enter an ‘assessment mode’ where their learning attainments can be assessed and presented 
along with statistical data. 
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The main task objectives for this project can be defined by eight major sections: 
• Develop a realistic HMI emulation of an IV pump driver 
• Integrate HMI emulation with control logic 
• Develop relevant functions of driver for enhanced learning 
• Emulate system using appropriate hardware 
• Configure assessment mode and incorporate nursing case studies 
• Evaluate realism and efficacy of emulation through surveys 
• Evaluate learning outcomes of emulation through surveys 
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• Investigate emulation of pump driver using software only 
 
Additional objectives that will be undertaken if time and resources permit: 
• Develop resource page for additional clinical and pump information 
• Data gathering and assessment of student performance 
• Develop error trend page 
 
These objectives were taken from the project specification which can be found in Appendix 
A. 
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This dissertation is organised into the following chapters: 
 
• Chapter 1 – Project introduction and details of the project aim and objectives. 
• Chapter 2 – A review and discussion of existing literature and applications will be 
used to determine the feasibility of the project and how the emulation concept can be 
integrated into nursing education.  
• Chapter 3 – The methodology used in the project will be covered including 
programming techniques and testing. Risk assessment and sustainable practices are 
also detailed in this chapter.  
• Chapter 4 – The implementation of the hardware is discussed and used as a base for 
the initial software development. The basics of the software properties are outlined 
and programming techniques determined. 
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• Chapter 5 – The advanced software features of the emulator are described in detail, 
including the programming techniques used in order to achieve a successful 
outcome. 
• Chapter 6 – Through gathered feedback from questionnaires the emulator will be 
evaluated as an enhanced learning tool through its efficacy and user learning 
outcomes.  
• Chapter 7 – Final conclusions are made based on development and feedback 
received. Further work and enhancements are also discussed. 
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The first chapter in this dissertation familiarizes the reader with the project and introduces 
the project objectives along with some additional objectives should there be adequate time to 
achieve these successfully.  
The aims are to complete each objective in its entirety, satisfy the criteria and produce a high 
quality and effective enhanced learning tool.  
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This chapter investigates the existing literature available on nursing education techniques 
and examines the extent to which evolving technology is used for learning. 
It also analyse the advantages of RAL learning and determines the requirements for 
simulated and emulated training tools in order for them to be successful and realistic. 
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Firstly, some clarification between the terms simulator and emulator need to be made as the 
two terms are often confused or mistaken. Although both a simulator and emulator may be 
used to achieve the same outcome, they are fundamentally different. Also, the term 
simulator referred to in the available literature differs from the same term used in an 
engineering sense. 
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Laplante (1999) provides the following definitions: 
“Emulation is a model that accepts the same inputs and produces the same outputs as a 
given system. To imitate one system with another.”  
“Simulation is a set of computer programs that allows one to model the important aspects of 
the behaviour of the specific system under study. Simulation can aid the design process by, 
for example, allowing one to determine appropriate system design parameters or aid the 
analysis process by, for example, allowing one to estimate the end-to-end performance of the 
system under study.”  
However Jones (1995) describes simulation in terms of education as: 
 “A classroom event which has two essential characteristics: 
1. The participants have functional roles – survivor, journalist, judge, fashion designer, 
Prime minister. 
2. Sufficient information is provided on an issue or a problem – memos, maps, newspaper 
items, documents, materials – to enable the participants to function as professionals.”   
 
The following literature review refers to a simulator or simulation several times and is 
perceived in the educational sense. This does not imply that simulation or emulation in an 
engineering sense is invalid terminology.  
Each educational simulation could be analyzed into component parts that are defined as 
being simulated or emulated in an engineering sense.  
Alternative teaching methods in healthcare have been around for many years, for example 
medical simulators have been around since the early sixties (Cumin & Merry 2007) and have 
been used in areas such as anaesthesia, midwifery, dentistry and surgery (Traynor et al. 
2010). According to Cumin and Merry (2007) a simulator is described as being based on 
three attributes: how the user interacts, its simulated physiology and its use. All these factors 
contribute toward an overall learning outcome from using the simulator which, based on the 
accuracy and quality of the simulator, will vary. The majority of learning in the field of 
nursing is said to be gained through practical experiences backed up by underpinning 
knowledge in the classroom, so it is clear that practical skills are essential for students to be 
successful in their chosen career (Traynor et al. 2010).  
The majority of literature available in the field of nursing education tools focusses heavily 
on simulators alone, offering several types for simulating different scenarios and procedures. 
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Simulators are used for many reasons in teaching and training as they offer many benefits 
but were first introduced to reduce the risk of patient deaths due to nurses being under-
educated in certain areas or simply lacking adequate exposure to practical activities (Bowtell 
et al. 2012). Some of the benefits of using a simulator are that the user can repeat the 
experiment over and over again (Bowtell et al. 2012) and do so without any risk to patients 
(Traynor et al. 2010). Practical skills can be learnt by increased exposure to practical 
elements of simulator experiments and important lessons learned by learning from mistakes. 
 
 
 ' AF	F$C
 
In order for this type of learning to be effective, the system being used to educate must 
contain a high level of realism. Guimond (n.d.) describes a nursing simulator in a learning 
environment as being ‘an experiment that imitates the real environment, requiring 
individuals to demonstrate the procedural techniques, decision making and critical thinking 
needed to provide safe and competent patient care’. The realism of a simulator is very 
important for the student to be able to relate it to a real scenario and therefore enhance their 
knowledge retention which can be carried over to a real setting. In addition to these points a 
realistic simulation will not only enhance knowledge but facilitate skill acquisition, decrease 
any anxiety that could be present in a real scenario and most importantly improve clinical 
judgement (Traynor et al. 2010).  
Many of these simulators are set up in mock wards with manikins as fake patients to achieve 
a sense of reality, however this kind of setup only really benefits on-campus (OC) students 
as they are immersed in the totally simulated environment. External students on the other 
hand are limited in their practical experiences through no fault but their geographical 
location.  Lindsay & Good (2003) recognise that using RAL systems could be used as an 
alternative method to achieve the same outcomes and go on to explain how class sizes are 
increasing and causing scheduling problems for activities, making RAL an attractive 
alternative. RAL systems will not only benefit external students separated by large distances 
but also allow OC students to obtain more exposure to an activity, which can be learnt at 
their own pace, from the comfort of their home or computer laboratory and within a social 
community (Bowtell et al. 2012). 
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Research has shown that if students take part in an activity which involves synchronous 
communication i.e. feedback from the activity is given immediately or immediately after 
completion, then the feedback received can be absorbed immediately into their 
understanding and hence built upon. If the activity is still very much fresh in their minds, the 
feedback whether positive or negative, can be much clearly linked and bound to the 
completed activity (Finkelstein 2006). 
Typical classroom experiences involve completing tasks which must be handed in for 
evaluation and depending on the size of the class in question, the feedback from the task 
could take several days or even weeks to be received. The lag between carrying out a task 
and receiving feedback doesn’t necessarily hinder the level at which learning occurs but 
prompt feedback has been proven to maintain the students interest and keep them engaged. 
This ‘promptness’ is especially important in an online learning environment where 
traditional verbal cues and directions from lecturers are absent (Finkelstein 2006). 
Based on the previous paragraphs it is clear that any feedback given in the emulator should 
not only be prompt but provide enough information for the student to clearly understand 
what they did wrong (or right). They should be able to associate the given feedback with the 
recently completed task and apply what they have learnt to the next task, and as we know 
from experience, people often learn most effectively from their mistakes. 
Methods used in the classroom are often subliminal in nature but never-the-less important in 
getting the message across. Jones (1995) explains how simply presenting materials in a 
certain way can aid the learning process, for example colour-coding, envelopes, paper clips 
or even printing on non-white paper can help direct the students concentration to a particular 
learning path that the teacher desires. The material presented to a student should be 
organised, clear, concise and relevant in purpose and these traits should be considered when 
designing prompts and feedback methods for the emulator. 
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Ryan (2004) discusses in his paper: Role of Faculty in Distance Learning and Changing 
Pedagogies, that nursing education needs to be brought up to date with technology as times 
change and that new technology should be used and adopted as it evolves. Web based 
material is becoming ever more popular in teaching and students’ approach to learning and 
research revolves heavily around computers and the internet (Lindsay & Good 2003). In 
faculties such as engineering and science, RAL based learning is very common as well as 
computer-based environments and web based tools (Aydogmus 2009).  
This project follows on from the work and research of Bowtell et al. (2012) in which they 
describe a remote laboratory as ‘an event that creates a learning experience via remote 
interface to connect the students’ understanding of relevant information, concepts or ideas 
(propositions)’. The authors discuss how the advancements of engineering remote/distance 
learning methods can be used in other faculties such as nursing to improve clinical reasoning 
skills. They also highlight how literature on remote access is generally focussed on robotic 
technology and not teaching solutions.    
Remote access technologies are very cost effective as a system can be run on a regular 
desktop computer, they require no teaching staff to be present and also eliminate the 
requirement for students to purchase specialised software (Aydogmus 2009). For example, 
the use of SCADA systems such as Schneider-Electric Citect or SIEMENS WinCC can 
become very costly for the licensing alone (Bowtell et al. 2012). SCADA interfaces are used 
widely in industrial automation to allow the monitoring and control of any manner of control 
system. SCADA systems are beginning to crop up in more and more applications that 
expose the public to such interactions such as supermarket self-check-outs, ATM’s and 
customer self-check-in booths at airports. Incorporating SCADA into learning modes simply 
boosts a student’s exposure to an ever popular trend in lots of smart automation applications. 
From my review of the available literature it would appear that in general, simulator training 
is common place in healthcare and provides several benefits for the users. The simulator can 
even in some cases offer remote access for external students to complete the activities. 
However running a simulator remotely precludes the user from the entire simulated 
environment as a simulator must not exactly mimic a system just represent it to achieve 
similar outcomes. The general hypothesis of this project is to bridge the gap between absent 
technologies in nursing education and learning disadvantages for remote students by using 
typical engineering automation tools and applications. 
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The author of this project seeks to build on the developed prototype model of an IV infusion 
pump training emulator as described by Bowtell et al. (2012). The prototype is aimed at 
confirming that the basic functions of an IV infusion pump (commonplace piece of hardware 
used in nursing) can be successfully mimicked using typical engineering automation 
components and controlled remotely by students. Some of the issues in teaching students 
how to operate the IV infusion pump involved getting them to understand alarms and faults 
which could not normally be replicated remotely (Bowtell et al. 2012). The feedback from 
the prototype evaluation was positive but highlighted areas that needed to be addressed in 
order for it to be a worthwhile exercise for the students. The emulator was initially 
developed for students to learn only how the IV infusion pump operates however the 
criticisms from students stressed the need for clinical situations to be incorporated into the 
activity (Bowtell et al. 2012).  
The emulator needs to address several factors to maintain its quality as an online learning 
tool including its user-friendliness, structure of tasks and navigation (Kist & Wandel 2011).  
The navigation of the pump menu system will be identical to that of the original but limit 
certain functionality to maintain focus on the relevant functions for the tasks given. Again a 
sense of realism will prove invaluable for the emulator to retain its purpose by emphasizing 
the use of audio and video (telepresence) to keep focus on the experiment and not the system 
that supports it (Aktan et al. 1996).  
The overall objective of this project is to achieve a realistic mimic of the IV pump driver 
whilst providing a stable and user-friendly learning environment that enhances learning and 
improves cognitive skills. Different types of simulator/emulators and the interaction thereof 
can result in differing learning outcomes based on their physiology. As previously 
mentioned Cumin & Merry (2007) call attention to the classification of simulators into three 
attributes which can be better explained in Table 2.1.  
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Table 2.1 - Attributes of Simulators 
Interaction Physiology Used for Teaching 
Hardware-based No physiology Knowledge 
Screen-based Script-controlled Cognitive Skills 
Virtual reality-based Model-controlled Psychomotor skills 
 
 
According to this proposed classification the emulator to be developed will actually fall into 
two categories. The emulator attempts to be an exact software replica of a piece of hardware 
functioning identically in every way to the real pump driver yet it still remains a screen-
based simulator. Using this analogy it is reasonable to assume that the emulator could be 
ascertained to teach knowledge and cognitive skills if the balance of realism and task 
structure is maintained. 
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The research conducted points to a niche opportunity for remote access learning tools in 
nursing and perhaps other academic faculties. There is a lot of material that focusses on 
simulators/emulators, distance learning, RAL and automation technology but none that offer 
a solution to tie them all together, especially in the form of a hardware emulator. A small 
amount of literature has also been found to suggest that SCADA packages are used as 
educational tools in non-technical environments. For instance a weblab at the University of 
Cambridge was developed for process simulation using SIMATIC PCS7 software which was 
concluded to be a successful training tool (Zubia & Alves 2011).    
This review has however identified the advantages associated with RAL including its cost 
effectiveness and flexibility and even found evidence to suggest that students who use a 
RAL based simulator/emulator before attending the same exercise in a lab, actually perform 
the task more competently and efficiently (Aydogmus 2009). 
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The emulator to be developed for this project will seek to maintain a sense of reality 
throughout and provide useful information and hints to the users in order to perform their 
tasks successfully. The emulator must remain user friendly as the research suggests and offer 
clinical situations to impart knowledge and enhance cognitive learning. To be successful, the 
emulator must be capable of monitoring the students’ performance to provide feedback for 
the assessment of their knowledge and skills throughout the exercise. 
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This chapter covers the methodology used to develop an IV pump training emulator and the 
approach that was used to obtain a successful learning platform. This chapter also contains 
information on the consequential effects of the project and a risk analysis.  
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To determine what methodology should be used a task breakdown of the objectives should 
be carried out. However before any solutions are derived for each objective a basic design 
procedure should be envisaged. By doing this, all features that are included into the emulator 
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can be successfully designed and tested on their own merit, minimizing possible bugs and 
errors later in the design process. 
By following the design and test procedure for each aspect of every objective, the 
functionality and realism of the emulator can be maintained. 
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Firstly the task to be completed should be determined. This could be something simple like 
creating a button that when pressed allows a graphic to become visible on the current HMI 
screen. It is essential to try and minimise the task and not be tempted to add extra tasks into 
the procedure that might allow the potential for errors to be incorporated even if the tasks are 
closely related. 
 
&'C!
Depending on the type of task in question, each idea will differ. However it is a good idea to 
take a step back and think about the best way to program a solution to the problem. This 
simple step may highlight a reason as to why that programming idea wouldn’t work. By 
taking time to consider each possible solution, failed attempts can be avoided which will 
result in time saved and less redundant code. 
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Once an idea seems feasible, the appropriate tags need to be created in relevant data blocks. 
The data block should relate to the task or sequence that is about to be programmed.  
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The ladder logic can now be written with the predefined tags. A visual check of the ladder 
logic should be done to check for any possible errors which can be rectified at this stage. 
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Once the coded sequence seems sufficient, the program can be downloaded to the PLC to 
ensure that it is up-to-date and ready to be tested. 
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Due to the current version of software that is being used, the tag list in the PLC cannot be 
integrated into the HMI software. Therefore each new tag has to be re-entered into the HMI 
tag list. The tag name should be the same as the tag name given in the PLC to be consistent 
and avoid confusion. Other parameters such as data type and address should also be 
checked. 

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The required graphics can now be drawn, created or imported as necessary. If a button is 
created, the correct tags need to be associated with it ensuring the bits are set and reset as 
required.  
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To ensure that created graphics can be seen when they are meant to be seen, then the 
visibility setting should be checked along with tag association. The layer of the graphic is 
also important to ensure it does not appear behind other graphics on the screen. 
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Once finished the changes should be saved and then the run-time can be started. The newly 
incorporated features can now be tested to ensure that they perform as required and fulfil the 
requirements of the task discussed in Define Task. All possible scenarios should be 
exhausted to ensure correct functionality. 
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If any problems are detected then these should be remedied before moving on. If changes to 
the logic need to be made then the procedure should be repeated from the beginning to make 
sure all changes ripple through to the final design. 
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A final reality check should be undertaken to verify that the added feature is consistent with 
the flow of the emulator and maintains the realism required for this project. The software 
can now be saved and the next task commenced. 
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This sections details the objectives outlined in 1.4 and provides a more detailed description 
of the anticipated requirements of each objective.  The IV infusion pump driver being 
emulated can be seen in Figure 3.1 
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Figure 3.1 - IV Infusion Pump Driver 
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For an emulator to truly reflect the system it is emulating, a sense of reality must be present 
in every aspect of its functionality. The actions and reactions of the emulator must mimic the 
driver exactly and make the user believe it is functioning as the real system does. In order to 
achieve a sense of reality for the pump driver emulator, several elements and tools will be 
used in the process. These elements are described in the following paragraphs. 
In order to understand the functionality of the driver, the documentation provides essential 
information on how the driver operates and offers instructional help in navigating the menu 
systems. The documentation provides everything from user guides to technical details and it 
also provides graphics and symbols in its explanations. These graphics can be used to help 
develop the HMI platform.  
By using graphics programs such as Microsoft Paint or Microsoft Visio, the graphics 
mentioned above can be adjusted, edited and designed to mimic any screens or buttons that 
may be required as part of the emulator. By using the graphics from the documentation the 
realism is maintained, however any other non-standard graphics that are required can also be 
created within the HMI software or imported as external jpeg’s for example.  
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By providing exact (or at least close to exact) replicas of the pump driver screens and 
graphics, the user becomes familiar with the look and orientation of the graphics and 
screens. The user must be able to interact with the graphics interface of the emulator, 
understand it and then reproduce their actions on the pump driver. All graphics encountered 
using the emulator must be a direct reflection of what the user is faced with when operating 
the IV pump driver. 
To add another level of realism it is important to include any sounds that the driver 
produces. The sounds of the pump driver are actually of great importance as the alarms and 
safety features rely on loud piercing beeps that get the users attention in the event of a fault 
or procedural error. Nurses must be able to recognise these alarms and react in the correct 
and responsible manner to remedy the problem causing it. By becoming familiar with the 
sounds of the emulator, they will be well prepared for dealing with real issues and alarms 
when exposed to the pump driver in an occupational environment. 
Mimicking the sounds could prove to be ineffective if using standard beeps etc. that have 
been downloaded from an audio database. In order to retain the maximum amount of 
realism, the driver will be operated and the sounds recorded for every possible outcome. The 
audio files can then be called upon by the programme at relevant points in the sequence. The 
emulator must mimic any push button sounds, alarms or even pump noises, this is done by 
careful observation and monitoring of the pump drivers operation and recording the response 
to certain user input. 
As mentioned above, the audio elements are determined by careful observations of the pump 
driver. This method however is used for all aspects pertained to achieving realism and 
functionality of the HMI. The documentation is a guide to certain operations, however it 
does not always provide enough information as to how exactly a graphic will be represented, 
or which sounds will be heard and when. Primarily, the need for careful observations 
determines the timing of events, for example a screen is displayed for 5 seconds before an 
audible sound is heard for 2 seconds. These simple observations are imperative in obtaining 
an excellent and accurate mimic of the above mentioned system.  
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Developing the HMI platform is just part of the solution for the successful completion of a 
functioning system emulator. In order for the interface to operate as required, it must be 
controlled by some sort of logic.  
A program must be written to process the user inputs to the system and control any 
sequences within the emulator. The programme must run in the background and allow the 
precise control of all I/O to the system.   
The HMI simply passes information to the programmable logic controller (PLC) based on 
the events that have taken place. Each event will be associated with a tag (or tags) that relay 
the information to the PLC in different ways depending on the tag type. Typically, the 
majority of tags will be of a digital nature simply representing an on or off state for each 
event. However there will be a requirement for analogue values which will be related to 
objects such as the numeric keypad and numeric displays of values on the screen. 
Information sent from the HMI to the PLC varies depending on the conditions of the inputs. 
A snapshot of these input conditions is saved in an input memory table and the control logic 
processed sequentially. The resulting values are saved in an output memory table and then 
passed to the outputs, which are in turn processed in the HMI.  
The data flow diagram in Figure 3.2 represents this process graphically. 
 
 
 
Figure 3.2 - Data Flow Diagram of System 
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As it can be seen in Figure 3.2 the PLC performs a continuous scan, (constantly updating the 
conditions of the I/O) and processes them through the control logic to produce a new set of 
outputs. This is done regardless of any changes to the inputs themselves. The scan time 
depends on the size of the program that has been written but is generally a minimum of 
around 10ms. There is obviously a resultant lag time that occurs between a button-push and 
a change on the HMI screen, this also depends on the HMI refresh rate (time interval 
between screen updates). The HMI refresh rate can be configured to update in milliseconds.  
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As a minimum for the emulator, it should be able to mimic the relevant functions of the 
pump that the nurses would be required to operate. These functions are described in the 
following paragraphs. 
Every time the IV pump driver is energised it automatically runs through a start-up 
sequence, so it is important to incorporate this into the emulator.  During this sequence the 
pump runs through its self-diagnostics test (SDT) in which the screen, pump display and 
light emitting diodes (LED’s) cycle through a test sequence.  It also requires the user to 
perform a speaker check as the speaker is very important to ensure that the alarms can be 
heard, as discussed in section 4.4.5. The start-up mode also allows the user to select New 
Patient, which clears the previous patients’ data comprising of the rate and volume to be 
infused (VTBI) values. 
In addition to the start-up sequence, the main function required to be emulated is the 
infusion mode. This is where the user must enter an infusion rate and a VTBI using the 
keypad. Before the infusion can be started, a virtual tube must be inserted into the pump 
using the correct procedure, a virtual clamp released and a final check of the 6 rights 
performed (see 5.3).  
Some basic alarms must also be developed including: 
Primary out of Range (This alarm sounds when the entered values for the rate or VTBI are 
too large) 
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Tube not Inserted (The user has attempted to start infusion but the tube has not yet been 
inserted into the pump module) 
Downstream Occlusion (The user has attempted to start infusion but the cannula clamp has 
not yet been released which is located between the pump and the patient) 
Unconfirmed Primary Program (The user has attempted to start the infusion before pressing 
the ‘confirm primary’ button) 
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The control system that will be used for this project is a SIEMENS S1200 PLC, which 
requires a software package called SIEMENS TIA Portal v10.5. 
In order to emulate the function of the pump module, some additional hardware components 
must be connected to the PLC. To emulate the concept accurately, a nursing administration 
set (bag, drip chamber and tubing) will be required to be set up and connected to a suitable 
peristaltic pump. 
The rate and VTBI values that are entered into the emulator will be used to calculate the 
remaining time of the infusion. The rate value will also need to be converted into an 
appropriate format in which the pump can be operated. In order to vary the speed of the 
pump a specific section of logic will need to be written. To match actual flow rate 
characteristics a peristaltic pump will be used with the instruction set tube passing through a 
larger tube in the pump. (See Figure 3.3 and Figure 3.4) 
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Figure 3.3 - Peristaltic Pump in Use 
 
 
 
Figure 3.4 - Diagram of Peristaltic Pump Operation 
 
 
In addition to the pump, a power supply for the PLC will be required along with safety 
features such as fuses and an interposing relay for the pump. 
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The hardware will be mounted on a display board and the instruction set is set-up next to it. 
A webcam will also be connected to the personal computer (PC) to allow the user to 
experience something happening in the ‘real world’ and not just within the software. The 
webcam shows a view of the drip chamber to display the drip rate associated with varying 
flow rates and to indicate that the pump is running.  
The hardware setup is illustrated in Figure 3.5. 
 
 
 
Figure 3.5 - Hardware and Communications Setup 
` 
 
 
 
25 
 
' ' ) $B 1	 	EF	 F F +&
	EC	EF	
 
In learning mode the user will learn how to use the pump driver with the aid of a 
walkthrough which guides the user through every necessary button-push. Assessment mode 
not only tests the level of competency in operating the IV infusion pump driver, but also 
incorporates real life case studies to further enhance the activity. The case studies are 
prepared by the faculty of nursing and are similar to case studies that are used for the real 
pump. 
By incorporating regular case studies into the assessment, the user is encouraged to focus 
their attention on the problem at hand and not on the ‘novelty factor’ surrounding new 
computer emulation. The realism of the pump driver emulation will also help achieve this 
and convince the user that they are performing a regular case study on a regular piece of 
equipment. It is intended that the user incorporates an actual fluids chart into the whole 
process. 
The case studies will present the user with several different realistic scenarios which will 
describe a patient’s vital statistics, diagnosis and medication order. Based on the given 
information the user must be able to calculate the correct rate of infusion and VTBI in 
addition to setting up the pump correctly. 
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Once the emulator has been developed and each aspect tested to ensure functionality, it 
needs to be presented to the faculty of nursing to undergo evaluation through trials.  
The users will use the emulator for a set period and then fill out a questionnaire that will 
provide vital feedback for evaluation of this project. This feedback is extremely important to 
ascertain whether the software emulation of an IV infusion pump (for use as an enhanced 
learning activity) has been successful. The faculty of nursing can determine whether they 
feel the emulator performs as the real infusion pump driver should and hence operates 
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realistically. Feedback from the users themselves will highlight any interface issues for non-
technical users and also indicate whether they felt the emulator gave them adequate 
familiarisation with an IV pump driver. 
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The feedback from the faculty of nursing will highlight any problems or errors that could aid 
in the optimisation and further development of the learning environment. Consistent 
communication with the faculty of nursing will ensure that the emulator evolves into a 
technically sound and optimised enhanced learning activity. 
The emulator is designed to eventually be accessed remotely via the RAL system, but initial 
evaluation, testing and feedback may be performed OC using the remote desktop Protocol 
(RDP) system.  Once this phase is complete, a pilot level study will utilise the RAL system 
to avoid booking and off-campus connectivity issues.     
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The use of additional hardware as detailed in section 3.4 may not be entirely necessary in 
order to achieve the same level of learning outcomes. This objective seeks to determine 
whether the users obtain an adequate understanding of the exercise without having the 
opportunity to view the drip chamber via a webcam.  
Further feedback would be required to determine whether the hardware aspect can be spared. 
If so, the only hardware required to successfully run the emulator would be the PC and the 
PLC. However, further research will be conducted to investigate the possibility of using a so 
called Soft PLC. A soft PLC would perform the same task as a regular PLC but would run 
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entirely in a software package. If this is a viable option, the project could be emulated 100% 
in software, reducing the cost and hardware complexity of the project.    
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To successfully navigate the menu functions of the pump emulator and complete the 
assessment mode, the user need only become familiar with the learning mode activity. 
However in addition to the learning mode section of the emulator, an additional resource 
page will be developed. This resource page will contain some important information for 
general infusion procedures and also some information on the pump itself. The page may 
also contain video tutorials or whatever the faculty of nursing deems necessary or 
appropriate for this activity.  
The information provided on the resource page aims to impart some knowledge of the 
important features of the pump that the user may come across in a real occupational 
situation. It is also there to support complex procedures that are difficult to demonstrate 
within the emulation itself, such as tube loading.  
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Upon going through the information resources provided and attempting the learning mode of 
the emulator, the user must complete the same task in the assessment mode. In this mode, 
there will be no pop-ups or hints on how to complete the infusion set-up. The user must 
successfully navigate the menu system and complete a series of case studies based on pre-
determined circumstances and values. 
Their performance and ability to complete the case study correctly without error will be 
assessed and displayed at the end of the assessment. This requires all pump alarms to be 
logged and the entered values for rate and VTBI monitored to determine accuracy. The 
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performance assessment provided at the end of each case study will display whether a 
particular part of the procedure was completed correctly or not along with a short 
description.  
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In addition to the feedback page a link to a trend page will be provided. Each case study will 
have its own error trend page which will be capable of showing each error identified on the 
regular evaluation page against time. 
The number of possible errors in each case study may vary, however a simple visual 
representation will be developed to show when and in what order each error occurred. This 
would be another example of how specific features of SCADA software can be utilised in 
different ways, in this case for assessment feedback.  
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The possible consequences of introducing this project to the USQ education system have 
been investigated and areas such as sustainability, safety and ethical dimensions have been 
addressed. (Research Project Reference Book 2012, p.77). 
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Engineers Australia (EA) provides guidelines for working towards sustainable engineering 
practice in numerous areas including construction, energy, transport, design and green 
buildings (Engineers Australia, Sustainability Resources). The most relevant area regarding 
this project is however design. A checklist is provided to advise the engineer of design 
29 
 
considerations throughout the life cycle of a project. The hardware used in this project was 
made from materials which contribute to energy consumption during the manufacturing 
processes, issues relating to manufacturing processes are beyond the scope of this project. 
The devices consume energy whilst in the development stages of the project however the 
equipment will always be de-energised when not in use. Upon completion, the emulator will 
be running 24 hours a day, however if the project concludes that additional hardware it not 
essential, then costs, energy consumption and skills requirements can be reduced. 
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The system will consist of a panel PC, a PLC and power supply, a pump and termination 
materials. All of these items must meet the required Australian safety standards and all 
electrical connections to be connected by a qualified electrician as outlined in AS/NZ 3000 
(Australian/New Zealand Wiring Rules). 
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In relation to engineering practices EA’s Code of Ethics: 2000 outlines the expectations of 
the engineer to perform his duties with integrity, competence, leadership and sustainability. 
The code of ethics will act as a guidebook to all decisions that need to be made throughout 
the life of the project. The best interests of the community will be kept at the forefront of all 
matters.  
For this project is imperative that the assessment of user performance is defined clearly and 
fairly.  
Other consequences of this project could be the possibility to develop the idea further and 
adopt similar learning emulators to other devices and instruments. If the project leads to 
further development as mentioned above, then a broader spectrum of people will procure the 
educational benefits that such a project provides. 
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For any project the safety issues need to be identified and addressed accordingly to comply 
with such legislation as the Workplace Health and Safety Act 1995.  This act has one major 
objective which it seeks to enforce through various methods: 
“The objective of this Act is to prevent a person’s death, injury or illness being 
caused by a workplace, by a relevant workplace area, by work activities, or by plant 
or substances for use at a relevant place.” 
Initially, this project doesn’t appear to have many risks associated with it. However a more 
detailed analysis reveals some potential hazards and the risks thereof that can be brought to 
attention through a proper risk analysis procedure. 
A hazard is the level of threat to people, property or the environment that has the potential to 
cause harm. Whereas the risk associated with a hazard is the likelihood of the hazard to 
actually cause harm. The relationship between a hazard and its risk can be identified through 
a risk analysis, described in the Australian standard: Risk analysis of technological systems 
as ‘the systematic use of available information to identify hazards and to estimate the risk to 
individuals or populations, property or the environment.’  
This type of analysis is quantitative and can provide the user with an indication of the 
severity of each risk. 
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Firstly each possible hazard and associated risk needs to be identified. The potential hazards 
are listed in the following sections. 
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• All electrical appliances or devices that operate on mains power must be tagged and 
tested to prove they are fit for use.  
• Appropriate fuses must be selected for the control equipment to avoid damage and 
fire in case of a fault.  
• A qualified electrician is to wire up the 240V power supply to the PLC and Pump.  
• Food or drink will not be consumed around electrical apparatus. 
• Backups of project files to be made on regular basis in case of PC failure. 
 
	AAD
• Poorly lit areas can cause headaches and/or eye strain, ensure lighting is adequate 
and monitor well positioned. 
• Use screen filter where necessary. 
 
/
• Working on the project for long periods of time may become stressful. 
• Operator to divide up work into manageable sections. 
• Healthy diet, exercise and regular breaks will reduce the chances of stress. 
 
2CA
• Noise from appliances such as pumps can be harmful to hearing over long periods of 
time. 
• Damaged equipment may also increase noise levels. 
• Investigate any unusually loud noises and minimise where possible. 
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• Some pieces of equipment can be heavy and cause injuries if manual handling 
techniques are poor. 
• Seek assistance from others where required. 
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The above risks can be evaluated in a risk matrix similar to that shown in Figure 3.6. 
 
 
 
Figure 3.6 - Risk Matrix 
 
 
Key: 
High Risk Medium Risk Low Risk 
 
33 
 
Using the matrix shown in Figure 3.6 each hazard can be evaluated and a quantitative rating 
given (See Table 3.1). 
 
 
Table 3.1 - Risk Evaluation Table 
Hazard Likelihood Consequence Rating 
Electricity 2 5 10 
Lighting 4 1 4 
Stress 4 3 12 
Noise 2 2 4 
Manual Handling 3 4 12 
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As it can be seen from the results in Table 3.1, the project contains only low to medium risks 
which will be trivial if a safe and responsible behaviour is maintained throughout the life of 
the project. 
It is important to be aware of any risks that may be present in a given project and to act 
appropriately to minimise the consequences of those risks where practicable. 
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Upon analysing the risks during the execution of the project it would appear that there aren’t 
any additional or different risks beyond the completion of the project. Table 3.1 remains a 
valid evaluation of risk for this period. 
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Throughout the life of any project it is imperative that an overview of project tasks and 
methods on how to accomplish those tasks is produced, monitored and maintained. However 
these aspects of project management need to be brought into context and projected across a 
realistic timeframe for the given project.  
By producing a Gantt chart, all the individual tasks of the project can be viewed in sections 
and their estimated time requirements presented. This allows an easy comparison of the 
current progress with where the project should be, or was estimated to be.  
The chart used throughout the project is shown in Appendix B. The project was finalised in 
mid-August showing that it was completed ahead of schedule. 
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It is important in any project to be aware of the resources required and the cost of those 
resources, whether the costs are financial or based on time spent. Although this project is 
sponsored it is still good practice to acknowledge the costs where possible. By listing all 
required resources from the start, initial costs and time requirements can be predicted.  
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Table 3.2 - Resource Table 
Resource Quantity Cost Per Unit 
($) 
Cost 
(Hours) 
IV Infusion Pump 1 0.00 - 
Instruction Set 1 0.00 - 
Computer/touch screen 1 1750.00 - 
PLC 1 920.00 - 
Power Supply 1 240.00 - 
Fuses 2 18.00 - 
Terminal strips 2 24.00 - 
Ethernet cable 1 47.00 - 
Wiring (m) 1 0.00 - 
Device board 1 0.00 - 
Pump 1 300.00 - 
Webcam 1 0.00 - 
PLC software 1 570.00 - 
HMI software 1 1750.00 - 
Windows OS XP 1 0.00 - 
USQ Staff 1 - 68 
USQ laboratory and access rights 1 - 128 
Total Cost $5619.00 196 Hours 
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Table 3.2 shows a list of required resources for this project. Any costs displayed as being 
zero dollars indicates that it was free or that the resource was already available at USQ. 
The power supply, wiring and termination equipment were obtained from the faculty of 
engineering’s technical laboratory including the Ethernet cable.  
An instruction set and pump driver were provided by the faculty of nursing and midwifery.    
SIEMENS hardware was chosen for this project as the university had secured a good 
package of SIEMENS control equipment for educational purposes.   
The costs shown are unit costs only and were purchased by the Learning Teaching and 
Performance Fund (LTPF) for use in future RAL projects including several PLC’s and Panel 
PC’s. The equipment was therefore already available which means that there are no costs 
associated specifically to this individual project.  
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This chapter explores the methodology that will be adopted throughout the duration of the 
project and in particular describes each step the design and test procedure which, if applied 
correctly and consistently, will ensure that the project flows smoothly from one task to the 
next.  
A risk analysis was performed which determined there is no cause for concern and that any 
consequential effects are mainly positive. 
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In order to ensure that the project progresses smoothly and successfully, some planning 
needs to be considered concerning the flow and methodology described in chapter 3.  
This chapter goes into more detail regarding the methodical implementation and 
development of the fundamental aspects of the project. The implementation of these aspects 
that will be applied can be defined by three sections; hardware, software and 
communications and feedback. 
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The hardware used in this project should enhance the learning experience by providing a real 
pump to circulate the fluid and a webcam to give some visual feedback to the user. 
Therefore the hardware needs to be setup correctly from the start and tested. Once this phase 
is complete and setup, the software can be implemented over the top and development can 
begin. 
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Figure 4.1 - Control System on Device Board 
 
 
 
To keep the hardware of the project neat, organised and safe, all components will be 
mounted on a board using standard DIN rail and fixings (See Figure 4.1). The pump will be 
mounted on the back of the board to segregate it from the other devices (in case of a liquid 
leak). The electrical connections were determined in advance and a full set of electrical 
drawings can be found in Appendix C. 
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The instruction set will be mounted on a stand near to the pump and the liquid will contain a 
blue dye to make it easier to see, as shown in Figure 4.2. 
 
Figure 4.2 - Pump and Instruction Set 
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The hardware needs to have an established communication link in order for the HMI screens 
to be able to transfer data to and from the PLC. This isn’t as straight forward as just 
connecting an Ethernet cable, there are a few things that need to be done.  
The default IP address of the PLC is 198.168.0.1 (subnet: 255.255.255.0), therefore the IP 
address of the relevant network card in the PC needs to be in the same IP range. The PLC 
can be assigned a new IP address by reconfiguring the properties of the PLC. This is done by 
using the software package SIEMENS TIA Portal. Although it is simpler to just change the 
IP address of the PC to 198.168.0.2 (subnet: 255.255.255.0) for example. 
To verify that a connection can be established, the command prompt can be called up in the 
Windows environment and two tests carried out. Firstly by typing ipconfig at the command 
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prompt the IP addresses of all the network cards connected to the PC will be displayed, this 
verifies that the PC end has been correctly configured (See Figure 4.3).  
 
 
Figure 4.3 - Screen Shot of IP-Config Test 
 
 
It can be seen the network card of interest is the Ethernet Adapter Local Area Connection 2. 
Ethernet Adapter Local Area Connection 1 is connected to the USQ network. 
Secondly, by typing ping 192.168.0.1 a simple handshake test and the corresponding round-
trip time will be displayed if the connection to the PLC is successful (See Figure 4.4). 
 
 
 
Figure 4.4 - Screen Shot of Ping Test 
41 
 
Finally, before the TIA software can connect to the PLC to download a program there is a 
setting in Windows control panel called PG/PC interface (that is added after installing 
SIEMENS software) that needs to be set (See Figure 4.5). This sets the interface for the 
specific SIEMENS software that is in use and establishes what kind of connection is to be 
used. In this case Ethernet using transmission control protocol / internet protocol (TCP/IP) 
was used for the STEP 7 range of software. 
 
 
 
Figure 4.5 - Screen Shot of PG/PC Window 
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Once the hardware is set-up correctly, the software development can begin. As the software 
aspect is the major component of this project it is vital that the design, development and 
testing of the software is modular and iterative in order to achieve a successful outcome. The 
two main parts of this software section are the HMI software and the PLC logic software. 
The control logic will be written for the PLC using SIEMENS Totally Integrated 
Automation (TIA) Portal software. The logic language used is called Ladder Logic which 
consists of placing contacts, outputs and functions on ‘rungs’ of a ladder (see Figure 4.6 for 
an example of a typical screen view). The logic is executed from left to right, top to bottom. 
To keep track of what the control logic is doing and to ensure the program runs smoothly 
and efficiently it should be well structured. This maintains a good overview of the program 
and aids in fault-finding. The methodology used to achieve this structuring is explained in 
the following sections.  
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Figure 4.6 - Screen Shot of TIA Software - Typical View 
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The purple and blue objects in the left hand pane of Figure 4.6 are blocks. There are 
different types of blocks that can be used in the software to perform different tasks, for 
example there are start-up blocks that are only executed once on start-up, data blocks that 
allow tags to be defined or parameters set or organisational blocks in which code can be 
written and organised. Counters and timers automatically produce a corresponding data 
block.  
There are several more examples of blocks however the type that will be most frequently 
used in this project is the organisational block. As the name suggests, it allows the control 
logic to be organised and sorted. Each block will represent a certain sequence or function 
that can be distinguished from the other blocks. This provides a very good overview of the 
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logic, which aids in fault-finding/debugging. Within each block the logic can be further 
organised into networks, this can be seen in the right hand pane of Figure 4.6.  
As mentioned above, tags are defined in data blocks. It is good practice to create a 
corresponding data block for each organisation block as these tags can be well organised. 
Within the data blocks the data type, address (memory location) and name can be defined. If 
changes to a tag are made here, the changes will be rippled through every part in the 
program where that tag is used. The naming of the tags is also very important to keep things 
organised. The naming convention of tags in the logic will be defined by the appropriate 
HMI sequence, followed by its function. 
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As there are a lot of features to capture in the HMI, it is essential for the logic to be able to 
cope with the vast number of events that will be happening. A technique that will be adopted 
in order to accomplish this task will be to use numbered sequences for the execution of a 
series of events. A series of events or timers will trigger the corresponding sequence number 
to be moved into a memory location. Each sequence number will be compared to the number 
in the memory location (called the sequence step) and the current sequence will be enabled 
(See section of logic in Figure 4.6). The next sequence step can only be enabled if the 
previous sequence step is currently enabled.  
Whilst the HMI is in a specific sequence, events, objects, sounds and alarms etc. can be 
associated with that sequence. Obviously these items can be associated with multiple 
sequence steps if required. This allows a more sophisticated level of control and also aids in 
debugging. 
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Some tools that will be used to aid in the debugging process are the online/monitoring mode, 
watch tables and the cross-reference function. The ability to monitor the control logic in real 
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time allows the user to see which parts of the ladder rungs are energised and also to see 
current analogue values. This is a useful tool for testing sections of code, for example an 
input or memory location could be manually toggled and the control logic monitored to 
visually prove that the logic is functioning correctly. 
A watch table is simply a list of tags that the user has selected to view. The values of the tags 
can be dynamically monitored and forced to change their state or value. This is also useful 
for testing. 
Possibly the most useful tool in the software is the cross-reference function. By clicking on 
any item in the ladder logic, the properties window at the bottom of the screen can display 
the cross-reference section which will show everywhere where that particular item is used. 
This includes the block name and network number and whether it is being written-to or read-
from. The added advantage is that each reference can be clicked on and then the section of 
code where the item is used will open up and be displayed (See Figure 4.6). 
A full listing of the control logic can be found in Appendix D - Control Logic Listing 
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The HMI software used for this project will be SIEMENS WinCC Flexible 2008. The 
software has many attributes that allow the importing, creation and editing of graphics and 
objects etc. The objects on a page have properties that can be configured to fulfil the 
requirements that the HMI program requires.  
As previously described for the PLC software the HMI software also needs to be well 
structured and organised to produce a good overview and framework that can be built upon. 
Some of the characteristics of this HMI software will be discussed further in the following 
sections to elaborate on the methodology used. A typical screen view of the software is 
shown in Figure 4.7. 
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Figure 4.7 - Screen Shot of WinCC Flexible 2008 - Typical View 
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The pages (or screens) in an HMI system can be configured to display different parts of a 
process or alarm or configuration pages. The screens can be easily navigated to by linking 
buttons or events to switch to another page. The PLC logic was organised into blocks to 
‘spread the load’ and define manageable sections, similarly the HMI sequences were also 
spread over several screens to achieve a similar outcome.  
The emulator is made up of a graphic of the pump driver which is simply overlayed with 
other graphics and objects to obtain the desired effect. The background graphic doesn’t 
change which means everything could be developed on one page, however due to amount of 
sequences and functions involved, the emulator HMI is spread over several pages. The 
graphics are placed in the same positions on each page so that page transitions are 
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unnoticeable. This method proves to be effective and if more menu functions or sequences 
are required, additional pages can simply be added. 
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In addition to spreading the load across multiple pages, the graphics can be further organised 
on each page by assigning them a layer. The layering functions similar to the send backward 
and send forward layering in common graphics software packages except a layer number 
can be chosen from 0 to 31 (32 layers in total) 0 being the lowest and 31 the highest. This 
function is particularly useful for editing graphics that may lie underneath something else, as 
all other layers can be hidden whilst editing is done on one particular layer at a time.   
Again, similar to other graphics software packages, objects can be grouped together to form 
a single object. For example some shapes, text boxes and buttons can be grouped together to 
form a pop-up box similar to the pop-up shown in Figure 4.7. 
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In the HMI software, the tags are all defined in a single database unlike in PLC software 
where they are spread over various data blocks. This is not a problem, in fact in some ways 
it is easier to manage them if the naming convention is the same as described in section 3.2.1 
as they are automatically organised in alphabetical order. The tags can however be listed by 
type, address or other attributes if required. The tags have to be entered manually into the 
database i.e. they cannot be imported directly from TIA. Because of this it is important to 
ensure that the same tags are given the same name to avoid confusion. 
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The tags described above will be used within the HMI pages to enable control of the 
graphical sequences etc. Each object on the screen comes with object-specific properties that 
can be configured by the user to perform certain tasks. As an example; a button on the 
screen could be made to be invisible until tag A is set, will set tag B when pressed and reset 
tag C when released. All the possibilities for triggering events and animations are vast and 
will not be listed here. However events can be controlled by the PLC, the HMI or a 
combination of both. For this project, all control functions (as many as practicable) will be 
performed in the PLC as it is easier to perform fault-finding in the PLC software. 
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In industrial applications alarms play an important role in any SCADA system. They are 
generally triggered by events that are considered warnings, errors, faults or problems. They 
make the user aware that something is not quite right or needs attention. The pump driver 
itself has built in alarms and the HMI can be set up to mimic these alarms. The HMI has the 
advantage of being able to display and/or log activated and deactivated alarms and whether 
they were acknowledged or not. Although the emulator will function quite differently from 
an industrial process, the alarm feature may prove invaluable when conceiving methods in 
which to assess the users’ performance.  
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The final part of the initial development for this project involves testing of the hardware and 
software and then the realism of both when compared to the real IV pump driver. In addition 
to the testing, regular meetings with the project supervisor will provide constructive 
feedback for the results of each test. This will ensure that it is performing correctly from an 
engineering point of view. Meetings with the faculty of nursing will also be arranged to 
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gauge the ‘user-friendliness’ of the emulator for nursing students and to give constructive 
feedback on how the emulator will be used to display information and assess the users etc. 
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As the development of an IV pump driver emulator is a huge task, it needs to be broken-
down into manageable sections. Firstly the main sequences will be identified and then each 
sequence broken-down into every graphical change or transmission. To ensure each 
transition works correctly and flows seamlessly into the next one, they will be individually 
developed and tested before moving on. For example if a button needs to be created that 
enables another sequence to become active, the development and placement of the button 
needs to be checked and tested to ensure that it works and any events associated with the 
following sequence occur as planned. The PLC logic will be written along-side the HMI 
development to keep track of each section. When the outcome is satisfactory it can be 
considered functional and the development moves on.   
By following this method throughout the life of the project, no logic or HMI components 
will be missed or deficient. 
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The hardware that needs to be tested is the pump and the webcam. The webcam is simply a 
plug and play USB (Universal Serial Bus) device that requires some software to be installed 
for it, the drivers are automatically installed through the Windows OS.   
The pump needs to be tested for operation and this will be done by simply applying 24v 
across its terminals (via a fuse). Once the pump has been tested for functionality it needs to 
be tested via the output of the control system to ensure the logic is correct. The pump will be 
controlled by a PWM function in the PLC logic and this will need to be tested. The PWM 
generator is setup in the PLC device configuration section of the software and simply needs 
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to be enabled and the cycle time determined. The time-base can be set to microseconds or 
milliseconds and the pulse width set to a resolution of 100 or 1000.  
The Pump was tested with the settings configured to microseconds and a pulse resolution of 
1000. The pump seemed to run at full speed regardless of the value entered for the pulse. 
The same was then undertaken using a time-base of milliseconds and the pump responded to 
the changes in pulse width, albeit with a slightly jerky action. It was concluded that the 
interposing (solid-state) relay could not switch quick enough to regulate the speed of the 
pump and just saw a constant high state. However for the purposes of the emulator this was 
still acceptable.   
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This chapter has explained what is required in order to set up the necessary resources of the 
project and link the hardware and software through communications settings and testing. 
Setting up the device board and developing basic software for it to function with is required 
as a platform on which to design and build the rest of the emulator functions on.  
The available tools of both software packages were studied and practiced whilst developing 
the basics of the emulator. Continued practice and repetition of software techniques instilled 
confidence in tackling each new task as it presented itself.   
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This chapter investigates the emulator features in more detail. In particular the general look 
and feel of the emulator will be discussed and methods as to how practical elements of the 
activity were achieved.  
Each section of the emulator software will be explained along with each key aspect 
pertaining to that section. 
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This project seeks to ensure that the emulator is as effective as possible for its intended users 
and therefore the design process must be centred on them.  
UCD is a process in which the needs wants and limitations of end users are given extensive 
attention at every stage of the design process. 
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The design must meet any technical, commercial, human and aesthetic requirements and 
solve any problems of usability and user ergonomics. This particular design must not only be 
technical but artistic and pleasing to the eye.  
The user interface was tested with a range of subjects of technical and non-technical 
backgrounds. This was done to ensure that the final design was tailored to meet the users’ 
needs.  
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During the software design stage of the software, care was taken to achieve an emulator that 
was an effective learning tool but also pleasing to the eye. The challenge was to choose 
colours and shapes that would neither attract too much attention nor disengage the user from 
the activity. This was an evolving process as several different designs were experimented 
with and through the opinions of technical and non-technical persons, designs were 
finalised. In general, every object that was not an inherent part of the infusion pump, was an 
oblong with rounded corners and a thick border. The radius of the corners were 
experimented with to ensure that they were not too exaggerated and the borders were always 
a darker shade of the inside colour. All colours used were kept to pale tones on a grey 
background were possible which made the entire experience easy on the eye.  
The start screen used slightly bolder colours on a white background for contrast and to 
highlight the importance of the different sections. See Figure 5.1. 
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Figure 5.1 - Start Screen 
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Some aspects of the activity went beyond the normal use of the infusion pump and were 
therefore inherently difficult to replicate for the purposes of emulation. It was agreed upon in 
this case to use symbolic means to replace complicated actions, whilst maintaining the 
required functionality. Each of the following sections were integral to the flow of the activity 
and needed to be incorporated in some shape or form. 
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A vital part of the process for medicinal administration is the insertion of a tube into the 
pump for infusion. However this falls outside of the scope of pump emulation. The user 
cannot actually insert a tube into the pump at this point in the emulation so a tube with the 
keyed side clamp was drawn and animated to move from the bottom of the screen into 
position at the appropriate point.  
 
 
 
Figure 5.2 - Tube Picture Button 
 
 
After the user has pressed open, to open the pump unit, an external button (picture of tubing) 
appears on the screen, see Figure 5.2. Once this button is pressed the animated tube moves 
into position, see Figure 5.3.  
 
 
 
Figure 5.3 - Tube Animation 
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A No Tube alarm is triggered if the user attempts to start the pump before inserting the tube.  
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Once the user has entered the tube into the pump, the cannula roller clamp (situated on the 
tubing between the pump and the patient) must be opened. The clamps main purpose is to 
stop any leakage of fluid until it has been properly inserted and it must be opened before the 
pump is started. The real pump senses a blockage if the clamp is not open and a Downstream 
Occlusion alarm is triggered. The emulator mimics this action by monitoring whether the 
user has released the cannula clamp by pressing the graphical button as seen in Figure 5.4. If 
they fail to do so, the Downstream Occlusion alarm is triggered. 
 
 
 
Figure 5.4 - Clamp Picture Button 
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The six rights is a safety check that all nurses must follow before administering any 
medication to a patient. The six rights are as follows: 
• The right PATIENT 
• The right DRUG 
• The right DOSE 
• The right ROUTE 
• The right TIME 
• The right TO REFUSE 
This is something that nurses should do before operating an IV infusion pump driver 
however it is so important that the faculty of nursing insisted it should be incorporated into 
the emulator were practicable. 
A photo gallery containing information on each of the rights is located on the resource page 
(see 5.4 and Figure 5.5).  
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Figure 5.5 - 6 Rights Picture Gallery 
 
 
When the user tries to start the pump, a pop-up box appears asking them whether they have 
gone through the six rights or not. If they click no, the same gallery appears again for them 
to view once more before starting as in Figure 5.6. In Learning Mode (see 5.5) this prompt 
appears every time they press start to ensure the importance of this check is learnt by 
repetition and constant reminder. In Assessment Mode (see 5.6) it only appears the first time 
they press start (for each case study) as the check only needs to be carried out once at the 
start (as it would in a normal scenario) as multiple prompts simply become a nuisance and 
take away from the realism of the case study. 
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Figure 5.6 - 6 Rights Safety Check Prompt 
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As outlined in 4.2 a peristaltic pump will be used to replicate the pumping actions of those 
integrated within the infusion pump driver. The peristaltic pump will be used that is 
mentioned in the same section. The pump will be connected as per the electrical drawings 
(Appendix C) which consists of a 24V signal being switched through a solid state relay from 
a digital PLC output.  
Instead of an analogue output signal being sent from the PLC, a PWM equivalent is used to 
regulate the speed of the pump. This is achieved by inserting a PWM block in the control 
network (see Figure 5.7).  
  
The rate that can be entered into the infusion pump is limited and must be between 0-
1200ml/hr. Therefore the pump must be at its maximum speed when the user enters 
1200ml/hr. 
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Figure 5.7 - PWM Control Logic Block 
 
 
PWM is achieved by having a pre-set time for exactly one cycle of a square wave. The duty 
cycle is then modified between 0 and 1 to achieve a 0-100% swing of the on-time. A varying 
amount of on-time will create a changing average-value which in turn varies the speed.  
The values entered by the user are first divided by 1200 (maximum rate) then multiplied by 
1000 (cycle time in milliseconds). The data type of this value is then converted from a real 
to a word which is then written to the output address of the PWM function block. These 
calculations can be seen in Figure 5.8. 
 
 
 
Figure 5.8 - PWM Calculations 
 
 
The PWM was tested with a digital oscilloscope to verify its functionality. Several duty 
cycles were tested from 0% to 100% in steps of 25%. The values of 0, 300, 600, 900 and 
1200ml/hr were entered into the emulator. These can be seen in Figure 5.9 to Figure 5.13. 
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Figure 5.9 - PWM 0% (0ml/hr) 
 
 
 
Figure 5.10 - PWM 25% (300ml/hr) 
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Figure 5.11 - PWM 50% (600ml/hr) 
 
 
 
Figure 5.12 - PWM 75% (900ml/hr) 
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Figure 5.13 - PWM 100% (1200ml/hr) 
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The resource was set-up to provide additional and supporting information for the pump, the 
procedure and other clinical information. The purpose of the resource page is to provide a 
platform where essential and non-essential underpinning knowledge can be found and easily 
navigated, see Figure 5.14. 
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Figure 5.14 - Resource Page 
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Picture galleries were developed to present the information in a user friendly way. These 
types of galleries are very common and found in any number of software packages and 
online social networking sites, therefore anyone who is familiar with computers should feel 
comfortable using them. An example of one of the picture galleries can be seen in Figure 
5.15. 
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Figure 5.15 - Gallery Example 
 
 
The gallery was created using a graphic IO field, a symbolic IO field and two invisible 
buttons. In the control logic an integer tag was defined in memory. Every time the left arrow 
is pressed the integer is decremented by one and every time the right arrow is pressed the 
integer is incremented by one. In the HMI software this integer value was associated with 
both fields described above. The graphic IO field had a graphics list linked to it and the 
symbolic list had a text list linked to it (see Figure 5.16 and Figure 5.17). Pictures and 
messages are displayed by changing the integer reference.  
To ensure that only valid values of the integer are used, limits were applied in the control 
logic. If the integer value exceeds the value of the last graphic and text statement, the integer 
value is changed to the value of the first graphic and text, i.e. the gallery loops from the last 
picture back to the first. The same is true if the integer value decreases below the value of 
the first graphic and text statement, the gallery loops back to the last picture from the first.     
Once one gallery had been created it could be used for other galleries, simply by changing 
the graphic and text lists that were associated with the fields. 
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Figure 5.16 - Text Lists 
 
 
 
Figure 5.17 - Graphic Lists 
 
 
Only one picture gallery can be active at any one time. This is simply achieved in the control 
logic as seen in Figure 5.18 by ensuring that every other picture gallery is NOT set when the 
button is pressed. 
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The red cross in the top right corner of the picture gallery in Figure 5.15 is another invisible 
button that simply resets the INFO_GALLERY_SET bit in the control logic, closing the 
gallery. 
 
 
 
Figure 5.18 - Control Logic for Picture Gallery Visibility 
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Another feature on the resource page is the ability to incorporate videos into the emulator. 
The original concept was to incorporate a series of video tutorials, detailing various tasks 
and procedures, but it was decided that too many tutorials would become time consuming 
and take focus away from the purpose of the emulator. The final version of the resource page 
contains only one video tutorial demonstrating how to correctly insert the tube into the pump 
and start an infusion. 
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The learning mode is the part of the emulator where the user can learn how to operate the 
infusion pump one button-press at a time. This activity is set up as a walkthrough, guiding 
the user along the way whilst providing hints, notes and alarms.  
Before the activity starts the user is greeted with some information about the colour-coding 
used for the message boxes in the activity (see Figure 5.19). This makes it easier to follow 
what is going on and why. Colour-coding techniques were discussed in the literature review 
in 2.4. Before this method for displaying information was finalised, several different 
techniques were trialled which are discussed further in the following section. 
 
 
 
Figure 5.19 - Learning Mode Colour-Key 
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The development of the walkthrough was one of the longest parts of the project as several 
variations were trialled. The prototype version that was created contained a single yellow 
square box on the side of the screen that contained a short message.  As each sequence 
changed from one to another a new message would be displayed, indicating what the user 
must do next. This method proved to be ineffective when shown to people as a trial. The 
colour didn’t stand out much and the focus stayed on the pump causing people to not notice 
the changing messages.  
The walkthrough prompts then evolved into slightly more noticeable and interactive prompts 
by moving the message boxes around the screen to a place where they were more relevant. 
By moving the prompts on each change of sequence, the users took more notice of what was 
being said in the message however a link from the message to what it was stating was still 
missing.  
An advancement from the previous attempt included arrows pointing from the message 
boxes to the relevant button or area. The addition of arrows seemed to make the screen 
cluttered, so they were made to appear momentarily and then disappear again. This version 
of the audio/visual development was a vast improvement but some stages in the walkthrough 
required two or three arrows to point at various sections of the screen at any one time.  
Again, this became too cluttered and another re-think was required. The arrows were 
removed and flashing borders placed around the key areas. Each flashing border had one of 
three colours: green, blue or red, corresponding to a step, a hint or an alarm respectively as 
shown in Figure 5.19. The message box associated with it had the same colour See Figure 
5.20.  
The colour coding idea proved to be very clear, concise, pleasing to the eye and was used 
consistently throughout the learning mode activity. The user navigates through the start-up 
sequence, inserts the tube (virtually) and enters a rate and a VTBI. They can then stop and 
start the pump as many times as they wish and the steps, notes and hints reappear for every 
scenario until the user exits back to the start screen. 
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Figure 5.20 - Example of Colour-Coded Messages 
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The assessment mode is the most important part of the emulator as the user should now be 
able to prove not only their understanding of pump operations, but their ability to carry out 
necessary calculations for regular nursing case studies.  
In principle the assessment mode is exactly the same as the learning mode at least as far as 
the pump emulation is concerned. The only major difference is that there are no added hints, 
tips or additional alarm notifications. The user must remember how to navigate each part of 
the start-up sequence and then open the pump, insert the tube, release the clamp, enter the 
correct values, confirm primary and press start.  
If the user fails to complete one of these steps then an alarm will be triggered, therefore it is 
vital that the user completes the learning mode activity several times until they feel 
proficient with pump operations. 
The assessment mode consists of four case studies. The first two case studies are considered 
relatively easy and straight forward, involving only two calculations and therefore only two 
parts to the case studies. 
70 
 
When the assessment mode button is pressed from the start screen, the user is presented with 
four buttons corresponding to the four case studies, see Figure 5.21. 
 
 
 
Figure 5.21 - Case Study Options 
 
 
Upon pressing one of the four buttons, that particular case study becomes active and a green 
flashing border appears around that button, see Figure 5.22. Once a case study is activated, 
two more buttons appear at the bottom of the screen allowing the user to either change the 
selection or continue onto the start of the case study. From the instance the ON/OFF button 
is pressed, a timer is started which runs until that particular case study has been completed. 
The final time is rounded to the nearest minute and displayed on the relevant evaluation 
page. 
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Figure 5.22 - Chosen Case Study 
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As mentioned above the assessment mode does not contain any hints or tips to advise on 
which is the correct button to press next. In addition to that the exit button was removed to 
ensure that the user has to complete the case study once started. The exit button was placed 
in learning mode so that the user could leave the activity at any time to review information 
on the resource page, however once in assessment mode they should have learned and 
practiced everything they need to know in order to complete the case studies.  
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As previously mentioned, the assessment mode incorporates real-life nursing case studies 
that users would typically carry out as an OC student on a real IV infusion pump.  
The assessment mode contains four case studies and these can be found in Appendix E. 
Each case study is slightly different, but the look and feel of each one is essentially the same. 
The text boxes used are the same shape as the pop-ups used in the learning mode 
environment to maintain consistency; however the colours used are slightly different and 
softer to ensure that they can be distinguished as a case study message and not one of the 
pop-ups used in the learning mode.   
Once a user has read the information provided (the main points are included in a separate 
box called a medication order), they must calculate the correct rate and VTBI.  
After the correct values have been entered, the user must start the infusion. From the 
instance that the infusion is started, a timer is set which runs for 20 seconds or until the 
infusion is finished (whichever occurs first). After the 20 seconds has timed out, the next 
part in the case study becomes active and new information is provided in the same box for 
the user. The border of the box flashes briefly to draw attention to the new information and 
indicate that the next part is now active.   
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Upon completing each case study the user is directed to a case study evaluation page. Each 
page is the same in appearance but differs in the amount of errors recorded. The main feature 
on the page consists of a series of green ticks and red crosses, representing the outcome of 
each error. In addition to the visual aids some supporting text is provided to describe why 
that particular error was activated or not. See Figure 5.23. 
Other essential information is presented on the screen such as the users score and percentage 
of correct answers and also the time taken. The activity duration is triggered from the time 
they pressed the ON/OFF button until the Continue button is pressed on the ‘Assessment 
Complete’ pop-up.  
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A message is included on the screen to prompt users to take a screen shot of their results to 
keep for their records. 
The evaluation page also includes a button link to an error trend page.  
 
 
 
Figure 5.23 - Case Study Evaluation Page 
 
 
Once the user presses the trend button they are taken to very different page. The user is 
greeted with a scrolling screen showing several coloured horizontal lines. The errors trends 
displayed correspond to the errors displayed on the evaluation page. Each trend has a 
different colour to distinguish easily between them and matches an error description at the 
bottom of the page, see Figure 5.24. The error trends are spread over two pages as the 
maximum number of trends per page is 8 (limitation of the trend function within SIEMENS 
WinCC Flexible 2008).    
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Figure 5.24 - Case Study Trend Page 
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In this section some more features will be discussed that are imperative to the running of the 
emulator and proved to be challenging as several attempts were required to achieve a 
successful outcome that functioned as desired. These aspects were the most unique and 
interesting problems to overcome. 
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The numeric keypad can be seen on the background graphic of the pump. Therefore 
‘invisible’ buttons were overlayed in each case. Invisible buttons are simply a transparent 
box that covers a specific area of the screen. Once pressed, they execute pre-set parameters 
that are in the object properties, see Figure 5.25.  
 
 
 
Figure 5.25 - Numeric Keypad Development 
 
 
Initially each button (on the entire emulator) was created as a graphic, set to match the 
background graphic. This was done because it was believed that the invisible buttons 
produced a faint dashed border which would ultimately distract from the overall focus of the 
emulator. This however was not the case as the buttons remained completely invisible until 
pressed. The last button pressed produced the aforementioned border, but this occurs 
regardless of whether the buttons are graphical or invisible. 
The initial idea for numeric entry was rather simple. A bit was set while the key was pressed 
and reset when released. During the short time that the bit was set, the positive edge was 
detected and that corresponding number was written to a memory location called 
RV_NEW_VAL. This short sequence of control logic can be seen in Figure 5.26. 
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Figure 5.26 - Digit Set Control Logic 
 
 
The new value detected is then written to another memory location (depending on the 
condition of a counter) called RV_ACTUAL_VAL. As each subsequent digit is detected the 
RV_NEW_VAL tag is overwritten and the RV_ACTUAL_VAL is manipulated.  
 
Example of a numeric sequence: 125 
• The first digit ‘1’ is pressed and stored to RV_NEW_VAL.  
• The second digit ‘2’ is pressed. The RV_NEW_VAL is moved to 
RV_ACTUAL_VAL and multiplied by 10. The value of 2 is written to 
RV_NEW_VAL and added to RV_ACTUAL_VAL giving 12. 
• Finally the third digit ‘5’ is entered and the same procedure follows with the value 
of 12 being multiplied by 10 and then added to the 5 to produce 125.  
 
Each new value is displayed as it is entered just as it would on the real infusion pump. 
The purpose of the counter mentioned previously is to limit the number of numeric digits 
entered. Numeric entry for the real pump is limited to 4 digits including decimal point. 
Therefore a value of 12.6 would utilise all four spaces and denote that any values above 99.9 
cannot utilise the decimal point and must be integers up to a value of 1200 (pump limit for 
infusion rate). 
The same limitations apply for the entry of the VTBI except the maximum possible value is 
9999 ml. The clear button resets all values and counters of the highlighted field, enabling 
high limit alarms to be avoided and new values to be entered.  
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Upon completion of the prototype emulator some problems (bugs) were revealed with 
regards to the numeric keypad. Sometimes the number pressed would be correctly displayed 
and sometimes a different number or no change would be seen on the display. After several 
attempts of modifying the code, a solution presented itself. The main problem causing the 
erroneous values was due to the scanning of the PLC, manipulation of control logic and the 
length of time that a button was pressed. Principally, the way that it was written involved 
values being set and manipulated in a single scan cycle, which depending on how long the 
button was pressed for could sometimes function and sometimes not. 
The problem was solved by ensuring that any bits or values that were being set remained set 
or stored for at least one scan cycle irrespective of which button was pressed and for how 
long.  
 
 
) 0  DD=	BBF		#
 
The time remaining and volume remaining fields are essential in maintaining the realism of 
the emulator whilst providing valuable real-time feedback of the status of the infusion. The 
values that are entered by the user in the data entry screen are used to calculate these values. 
See Figure 5.27. 
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Figure 5.27 - Data Entry Screen 
 
 
The rate that is displayed on the driver display and the pump module display is simply the 
rate that was entered by the user, so no further calculation or coding is required. See Figure 
5.28. 
 
 
 
Figure 5.28 - Pump Display Module 
 
 
To calculate the time remaining for the infusion the VTBI is divided by the infusion rate. 
This value is rounded down to get the number of hours required. The rounded value is 
subtracted from the original value to leave a fraction. The fraction that is left over is 
multiplied by 60 to calculate the number of minutes required. The hours and minutes values 
are displayed as separate fields in the HMI as they were calculated separately.   
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To achieve the countdown, a one second timer is used to decrement the minutes’ value. 
When the value reaches zero the hours’ value is decremented and the minutes’ value 
changed to 60 (unless the hours’ value is already zero).  
As described above a one second timer is used for the minutes, therefore the time remaining 
counts down in minutes and seconds instead of hours and minutes. This was done for 
convenience as the infusion is only running virtually and the dynamics of the screen would 
not be demonstrated if the time remaining was left as hours and minutes. The volume 
remaining decreases at the same rate for consistency.  
The user is made aware of the accelerated countdown in the learning mode with the aid of a 
pop-up note.  
In addition to the changing values on screen, an animated green drip symbol also indicates 
that the infusion has been started. The animation consists of three different sized drips that 
are displayed for a second at a time, see Figure 5.29. A green running LED is also 
illuminated on the pump module display to indicate that an infusion is in progress, see 
Figure 5.28.  
 
 
 
Figure 5.29 - Infusion  Running Screen 
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This chapter described some of the more salient features of the emulator including the 
resource page and the learning and assessment modes. Different features were explained and 
methods discussed on how these features were achieved. Some of the problems were also 
discussed and methods used to overcome these problems were outlined and explained.   
The information contained in this chapter builds on the hardware and software 
implementation discussed in the preceding chapters.  
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This chapter outlines the methods used to evaluate the general performance of the emulator 
and to determine its effectiveness as an enhanced training system. Qualitative feedback will 
be received and analysed from activity trials and user questionnaires. The questionnaires 
used can be found in Appendix F.  
The feedback received will aid in the design of further enhancements and/or additions to the 
training emulator whilst concluding its effectiveness to teach students the basics of pump 
infusion activities (without a mentor).  
The relevance of the additional hardware connected to the system (pump and administration 
set, see 4.2.1) will be discussed to determine whether it adds or detracts from the learning 
activity and what can be done as an alternative. 
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It seemed clear from an early stage that the additional hardware used to provide the visual 
feedback of the system may not be necessary as it does not support what is actually 
happening on the screen.  
The original idea behind using an actual administration set was to provide not only live 
video of the drip chamber, but also measure the drip rate with a laser sensor. Shortly after 
setting up the pump and testing it at different rates (see 5.3.4), it was observed to drip at non-
regular intervals. The actual infusion pump was then also observed and a similar pattern was 
seen as both pumps are of a peristaltic nature.  
An infusion rate could have been calculated by taking an average over a period of time and 
perhaps applying some digital filtering, however this still may not have provided an accurate 
and steady rate on screen and would have taken up too much time that could have been 
directed towards the programming of the emulator. Therefore measurement of the drips was 
omitted. 
The administration set and webcam setup was kept but no real link between the real-time 
visual feedback and the emulator activity was present. The ability to see the drip rate change 
in the drip chamber is not incorporated and does not affect the case studies. Therefore part of 
the evaluation process would be to determine the effectiveness of the additional hardware 
and show whether the software emulation alone is enough to achieve the same goals and 
learning outcomes. 
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Trials need to be carried out to test the final version of the emulator and determine its 
effectiveness. The trials can be interpreted as usability tests and will determine how well the 
users can operate the emulator and whether the emulator is user-friendly enough for the 
intended user. 
By allowing the user to book a time in the system and spend that time exploring every aspect 
of the emulator, the trials should give a good indication of the emulators’ performance. By 
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allowing several users to trial the program, they can express whether they are provided with 
enough information and help to navigate through the learning mode and understand what is 
required of them in the assessment mode.  
The end result of the trials should gauge the users’ confidence in using the online training 
tool however every student learns at a different pace and via different methods, therefore the 
results of the trials could be varied but should still underline common pros and cons.  
The most pleasing outcome is for the user to give 100% positive feedback, however 
constructive criticism can sometimes be more valuable in order to channel it into emulator 
improvements.  
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Users will be expected to relay their experiences of the emulator onto paper through the 
questionnaire and express their opinions on the realism of the emulator. They can do this by 
answering questions such as: What were the best features of the online IV pump? and What 
features of the online IV pump could be improved? 
This kind of feedback highlights areas of the emulation that are working well and contribute 
to the overall realism and effectiveness of the emulator training tool. It will also explain how 
the emulator can be improved which could be any aspect of the emulation including logging 
in, graphics, audio, realism, ease of use, case studies or user evaluation.  
To determine whether the emulator provided adequate learning outcomes for the users the 
learnability and memorability of the activities will be determined from feedback received. 
This will be done by observing how long the students spend using the program in total as the 
majority of time will be spent in learning mode, familiarising themselves with pump 
operations. If the time spent on the emulator to learn and remember how to perform tasks 
exceeds initial estimates (ca. 30 minutes), then greater timeslots need to be allocated for each 
student in the RAL system.  
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This chapter outlined the methods that were applied in order to achieve true and meaningful 
feedback. Valuable ‘end user’ feedback can be obtained by allowing nursing students to trial 
the emulator, helping tailor the usability and learnability of the system for future peers.  
The questionnaire used provided important new perspectives for evaluation through user 
opinion and criticisms.  
In summary, the continued use of UCD throughout the design, testing and evaluation stages 
should prove that an effective enhanced learning tool has been produced only requiring fine 
tuning of the overall system. 
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The aim of this research project was to create a user-friendly yet effective emulation of a 
nursing IV infusion pump driver and incorporate ways of guiding students through certain 
tasks in the absence of a mentor. The emulator needed to incorporate case studies into the 
activities to maintain interest and relevance whilst achieving learning outcomes equivalent to 
that achieved on the real infusion pump driver. 
This final chapter aims to summarise the conclusions drawn from the preceding chapters and 
draws the project to a close by comparing the final performance of the project with initial 
project objectives. The final design and user interface will be discussed and additional 
outcomes analysed.  
The findings from the emulator trials questionnaire are examined to determine how the 
project design met the requirements of the end-user and it will be shown how these results 
can be used to pave the way towards enhancements for future and further work.  
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The level of completion of each project objective has been assessed to ensure they have been 
satisfactorily achieved: 
 
• Develop a realistic HMI emulation of an IV pump driver – According to the 
available literature, an IV infusion pump has not yet been emulated for training 
purposes. Chapters 3 to 5 describe the main design features of the emulator and 
describe how a realistic mimic was achieved. 
 
• Integrate HMI emulation with control logic – To be able to animate the interface 
of the IV infusion pump driver, carefully written control logic needed to be 
developed. Some features required additional attention and testing to achieve a 
satisfactory outcome and are described in chapters 4 and 5. 
 
• Develop relevant functions of driver for enhanced learning – It was not 
necessary to fully emulate every aspect and feature of the IV infusion pump but the 
users needed to be able to start the pump driver and access infusion mode for the 
successful completion of the activities. These modes were completed successfully 
incorporating helpful tips and assessment possibilities as discussed primarily in 
chapter 5. 
 
• Emulate system using appropriate hardware – This objective was completed 
successfully by selecting, designing and wiring additional hardware to control a 
peristaltic pump. As the pump varied in speed the drip rate in the drip chamber could 
be seen. The hardware was later deemed unnecessary for the purposes of learning 
the activities but was kept as an additional feature. The details of the hardware were 
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explained in 4.2   
 
• Configure assessment mode and incorporate nursing case studies - The most 
important aspect of the emulator training tool after instructing the user on how to use 
it is the ability to assess the competence of the user. The case studies used were 
sourced from the faculty of nursing and incorporate pump operations with real world 
case studies. Four case studies were successfully developed for the assessment mode 
part of the emulator and the process and details of these are described in section 5.6.  
 
• Evaluate realism and efficacy of emulation through surveys – The successful 
completion of the emulator encompassed many steps in design and testing. The 
continued iterative testing that was involved during the development stage ensured 
that the emulator was as effective as possible. However by receiving feedback from 
end users who are using the emulator for the first time, valuable comments 
highlighted areas for improvement and further work. Possible further work is 
discussed in section 7.5. 
 
• Evaluate learning outcomes of emulation through surveys – As mentioned above 
the same questionnaire was used to acquire important information about the learning 
outcomes of users and their ability to understand and learn what was provided in the 
emulator training tool. 
 
• Investigate emulation of pump driver using software only – As considered in 6.2 
the additional hardware installed for the emulation was deemed not necessary and 
research was undertaken to investigate possible alternatives that could replace all 
hardware aspects of the system. This information can be found in 7.3. 
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• Develop resource page for additional clinical and pump information – This 
additional objective was completed at an early stage in the design process but was 
constantly updated and changed as new ideas were developed. The main feature of 
the resource page was the picture gallery that was developed and used to display 
various types of information. Section 5.4 details the components that make up this 
objective.  
 
• Data gathering and assessment of student performance – Another additional 
objective successfully completed was a task that required monitoring the possible 
errors that users could make whilst conducting a case study. The data was logged for 
the duration of each case study and displayed in a user-friendly way on an 
evaluation page. Data that is collected covers possible pump errors and incorrect 
case study entries. A final score, percentage and the time taken is also displayed. 
The evaluation pages are outlined in 5.6.3 
 
• Develop error trend page – The final additional objective was an extra feature 
related to the evaluation pages which was also successfully completed. The trend 
pages display the errors from the evaluation pages in a different way. The errors are 
colour coded and displayed on a scrolling timeline. Section 5.6.3 also describes the 
development of this objective.  
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With the hardware and visual feedback from the webcam being unwarranted other options 
can be considered. With the additional hardware removed a large cost saving could be made. 
This saving could be further increased if the PLC itself was also no longer required. By 
using a Soft PLC the requirement for any hardware other than the PC itself is minimized, 
reducing the project costs significantly.  
The exact amount of savings recovered would depend on the type of software purchased and 
the cost of any licenses etc. However as this project is designed as a learning tool for 
educational purposes at a university, some manufacturers may offer their software free or at 
a considerably reduced price. This is an area that can be considered for further work and is 
found in 7.5. 
A brief search of possible options for a Soft PLC revealed manufacturers such as Beckhoff, 
CoDeSys and SIEMENS. All the hardware and software used thus far was all SIEMENS and 
they offer a package called SIMATIC WinAC RTX which is capable of PC-based 
automation with real time control. The software can be installed on the Windows XP and 
Windows 7 operating systems (OS). This software allows programming of the Soft PLC to 
be done in SIMATIC STEP 7, which means that the control logic can be written in ladder 
logic as it was in this project, simplifying the transition.    
The emulator does not need to operate in harsh environments nor operate at critical speeds 
for safety, making a soft PLC a viable option for this type of software enhanced training 
tool. 
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I am having lots of fun with the program and I cannot wait till I get to practice on 
the real thing. 
 
This is a post from a student on the university course forum and shows that the initial 
response to the emulator was very positive. 
This section will analyse the important feedback received through the surveys that were 
completed during the emulator trials. A questionnaire was handed to external and OC 
students alike to cover all bases. The questionnaire can be found in Appendix F - 
Questionnaire.  
Unfortunately due to the timing of this project and course schedules, only a limited number 
of students were able to leave feedback that can help with this analysis. The feedback that 
was received will be sorted into questions with an average score given to each one. 
Each response was given a numeric value in order to determine the average score which can 
be seen in Table 7.1. 
 
 
Table 7.1 - Evaluation Score Comparison 
Response 
Strongly 
Agree 
Agree Not Sure Disagree Strongly 
Disagree 
Numeric 
Value 
5 4 3 2 1 
     
 
Table 7.2 lists the questions asked and the average value of each response using the numeric 
guide shown in Table 7.1 
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Table 7.2 - Table of Questions 
No. Question Average Score 
1 Login to the online pump was simple 3.75 
2 There were too many steps in the instruction for login and booking 
into the program 
2.75 
3 The emailed instructions about booking into the IV pump were easy 
to follow 
4.50 
4 There were enough time slots available to book the online IV pump 4.50 
5 Booking into, then using the online IV pump was straight forward 4.25 
6 Learning mode about the use of the online IV pump was easy to 
follow 
4.50 
7 Resource page for online IV pump was helpful 4.50 
8 Image gallery for the online IV pump was helpful 4.50 
9 Enough information was supplied for the learning mode 4.50 
10 The assessment mode was not easy to work through 2.25 
11 The case studies were excellent learning examples 3.75 
12 Insufficient time was allocated for practice 2.00 
13 I feel confident using the online IV pump 4.25 
  
 
The average values obtained from Table 7.2 were graphically represented to show that the 
responses obtained were all positive, see Figure 7.1. Please note that the values of questions 
2, 10 and 12 were inverted on the scale because a positive answer results in a low figure. 
This was done to put them into to perspective with the other questions. 
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Figure 7.1 - Average Responses from Questionnaire 
  
 
Some further questions on the questionnaire required the users to write short sentences to 
describe the best features and possible improvements of the emulator. The responses from 
four students under each question have been included to aid in future work. 
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1. I was able to practice when I had time. 
2. Being able to practice. Great explanations. 
3. Easy Instructions 
4. Visuals. Real life. 
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1. The loading of the line into the pump interactive. 
2. Booking in class. I think it should be just available and not have to book in a 
particular session. Reliable connection. 
3. Graphics / 3D 
4. Nothing 
 
From the given feedback it can be seen that the students considered the emulator to be easy 
to use as the walkthrough provides good explanations that are simple to follow. The 
feedback also supports the need for more online learning tools as students are able to access 
them when it is convenient for them. An enhanced learning tool like the IV infusion pump 
emulator provides extra practice and additional under-pinning knowledge.  
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The project was successfully completed well within the planned time constraints as it can be 
seen in Appendix B - Project Timeline. The software was finalised several weeks early 
which enabled the RAL setup to begin for the emulator trials to start.  
Upon speaking to the faculty of nursing, they explained how several emails and forum 
messages were written by students to express the problems and difficulties they had with 
accessing, logging-in and operating the RAL system. Once the students had successfully 
logged on, they found using the emulator was relatively simple, useful and enjoyable. The 
trials revealed that most of the negative feedback was aimed at the RAL system, however 
this falls beyond the scope of this project. 
The RAL system is an integral part of the overall running of the project and needs to be 
addressed for future work. Further research into the effectiveness of learning with RAL 
could be carried out to try and improve the platform on which these tools are delivered.  
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As discussed in 7.3, a Soft PLC could be a viable option for controlling the sequences 
involved in an IV infusion pump emulator. If this were also financially viable (software and 
license costs not too high) then it could be possible to mount the emulator on compact discs 
(CD’s), digital versatile discs (DVD’s) or even Blu-Ray. If the emulator could be contained 
on one of these formats then it would eliminate the need to access it remotely at all. The 
emulator could be sent out with the regular study materials at a relatively low cost.  
Other improvements for the emulator could include the improvement of graphics or 
animations. In addition to this the emulation of the pump could be broadened. This could 
include the addition of new menu features or settings that the actual pump driver possesses. 
By adding further features to the emulator a new level of case studies could be opened up. 
The possibilities are only limited to the physical features of the IV infusion pump and the 
developers imagination. Further work could see the exploration and development of all the 
remaining features of the pump, improving the flexibility and realism of the emulator 
bringing it closer to being a fully software-emulated version of an IV infusion pump driver.   
 
 
0 , .DF		
 
This project has shown that an enhanced training tool can be developed using regular 
industrial automation tools. The report details how the development of the emulator was 
successfully completed using user centred design techniques which incorporated relevant 
personnel and end users to mould the software into an effective final product.  
Testing the final product revealed positive results and highlighted areas for further work and 
improvements despite feedback being limited. More substantial feedback will be gathered 
however it cannot be obtained until after the completion of this report. Any additional 
feedback will hopefully enforce the positive responses already received.  
This project leaves room for continued improvement and development as considered in 7.5 
or the possibility to expand the level of emulation or learning activities. The implications of 
the project successes could encourage an increase in the adoption of online learning tools 
and activities.  
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Problem Solving Using IV Pump 
 
Case Study 1 
Mr White aged 26, has been admitted to the USQ surgical ward suffering severe acute right 
lower quadrant (RLQ) abdominal pain. After an initial examination his medical officer has 
ordered Nil by Mouth (NBM) and IV therapy 1000mls of Sodium Chloride to run over 6 
hours (6/24).  
 
Part 1) 
How many ml/hr? 
…Answer 166mls/hr 
What should be the volume to be infused? 
…Set vtbi between 500ml and 900ml.  
“Always set the volume to be infused (vtbi) 10% less than what is being infused”.    
 
Part 2) 
Over the next couple of hours, Mr White vomits continuously large amounts of fluid and his 
pain increases. His temperature is recorded at 38.5 and he looks and feels listless. 
His doctor orders the following: 
Run 250mls of Sodium Chloride over one hour and prepare for Operating theatre (OT).   
 
How many ml/hr? 
…Answer 250ml/hr 
What should be the volume to be infused? 
…Answer 250ml being the exact volume ordered 
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Case Study 2 
Miss Black, aged 38 has been admitted to USQ orthopaedic ward with a compound fracture 
of her tibia resulting from being hit by a car while crossing the road this morning. She has 
returned from the operating theatre (OT) and has IV fluids and IV antibiotics ordered.  
The doctor has ordered: IV 1000mls of Sodium Chloride to run over 10 hours (10/24).  
 
Part 1) 
How many ml/hr? 
…Answer 100mls/hr 
What should be the volume to be infused? 
…Set vtbi between 500ml and 900ml.  
 “ Always set the volume to be infused (vtbi) 10% less than what is being infused”.    
 
The doctor has also ordered: IV Timentin 3.1g to be reconstituted in 13mls of Sterile Water 
for Injection and diluted in 100mls Sodium Chloride over 1 hour. 
Visit the image gallery to see IV Timentin and a Burette connected to the bag of IV fluid. 
 
Part 2) 
How many ml/hr? 
…Answer 100ml/hr 
What should be the volume to be infused? 
…Answer 100ml  
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Case Study 3 
Mr Pink, aged 68, weighs 96kgs, has been admitted to USQ CCU with dyspnoea and atrial 
fibrillation (AF). His HR is 156/min. 
He has been ordered an IV Amiodarone Infusion as follows: 
600mgs Amiodarone in 500mls 5% Dextrose to run at: 0.5mgs/kg/hr for HR between 100 – 
160/min. 
 
Part 1) 
How many ml/hr?  
…Answer is 40ml/hr 
What should be the volume to be infused? 
  …Set vtbi between 40 – 450mls. If student programs > 450 ml bring up alert to 
say…  
“Always set the volume to be infused (vtbi) 10% less than what is being infused”.    
 
Part 2) 
The doctor has ordered the following: 
If Mr Pink’s HR increases to > 160/min, increase the infusion to: 0.075/kg/hr 
How many ml/hr? 
…Answer is 60ml/hr 
…No need to alter vtbi. 
 
Part 3) 
If Mr Pink’s HR decreases to <100/min, decrease the infusion to 0.25/kg/hr 
How many ml/hr? 
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…Answer is 20ml/hr 
…No need to alter vtbi. 
 
Part 4) 
If Mr Pink’s HR decreases to <60/min, cease the infusion. 
 
Case Study 4 
Mrs Brown, aged 68, has been admitted to USQ CCU following major abdominal surgery 
with an epidural infusion insitu for continuous pain relief.  
She has been ordered: Marcaine .125% 100mls with 500mcgs Fentanyl @ 20cmgs/hr: 
 
Part 1) 
How many ml/hr?  
…Answer is 4 mls/hr 
What should be the volume to be infused? 
…Set vtbi between 4 – 8 mls/hr.  
If student programs <4 or >8 bring up alert to say…  
“As a safety precaution, always set the volume to be infused (vtbi) for Epidural infusions 
for only 1 – 2 hours’ worth of pain relief.    
 
Part 2) 
The doctor has ordered the following: 
If Mrs Brown’s pain increases to > 5/10. Administer bolus as follows: 
Increase infusion to 30mls/hr for a total of 5mls. 
How many ml/hr 
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…Answer is 30ml/hr 
What should be the volume to be infused? 
…Answer is 5ml 
 
Part 3) 
To what do you set rate after the bolus has been delivered? 
…Answer is 4 ml/hr 
What should be the volume to be infused? 
…Set vtbi between 4 – 8 ml/hr.  
If student programs <4 or >8 bring up alert to say…  
 “As a safety precaution, always set the volume to be infused (vtbi) for Epidural infusions 
for only 1 – 2 hours’ worth of pain relief.    
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Online vs On-campus IV pump 
User Perception Survey 
 
Question 1 
 
In which research group were you allocated? 
Tick ONE box and indicate number of hours 
 Group 1 (external student)   
a) For about how many hours did you use the online IV pump? ________________  
GO TO Question 3   
 
 Group 2 (on-campus student)   
 GO TO Question 7 
 
 Group 3 (on campus student/online IV pump optional)   
a) For about how many hours did you use the online IV pump? ________________ 
GO TO Question 2 
 
Question 2 
Group 3 participant, did you use the online IV pump program in addition to the actual IV 
pump? 
Tick ONE box 
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 YES  GO TO Question 3 
No   GO TO Question 7 
 
Question 3 
Rate your agreement to the following statements. Circle either -  
SA:  Strongly Agree  A:  Agree    N: Neutral   
D:    Disagree   SD:   Strongly Disagree 
 
a) Login to the online IV pump was simple  
SA   A  N  D  SD 
 
b) There were too many steps in the instructions for login and booking into the 
program  
SA   A  N  D  SD 
 
c) The emailed instructions about booking into the IV pump were easy to follow  
SA   A  N  D  SD 
 
d) There were enough time slots available to book the online IV pump 
SA   A  N  D  SD 
 
e) Booking into, then using the online IV pump was straight forward 
SA   A  N  D  SD 
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CONTINUE TO QUESTIONS  4  5  &  6 
 
Question 4 
Rate your agreement to the following statements about the ONLINE IV PUMP. Circle either 
-  
SA:  Strongly Agree  A:  Agree    N: Neutral   
D:    Disagree   SD:   Strongly Disagree     
    
a) Learning Mode about the use of the online IV pump was easy to follow 
SA   A  N  D  SD 
 
b) Resource Page for the online IV pump was helpful 
SA   A  N  D  SD 
 
c) Image Gallery for the online IV pump was helpful 
SA   A  N  D  SD 
 
d) Enough information was supplied for the Learning Mode 
SA   A  N  D  SD 
 
e) The Assessment Mode was not easy to work through 
SA   A  N  D  SD 
 
f) The case studies were excellent learning examples  
SA   A  N  D  SD 
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g) Insufficient  time was allocated for practice 
SA   A  N  D  SD 
 
h) I feel confident using the online IV pump 
SA   A  N  D  S 
 
Question 5 
a) What were the best features of the online IV pump? 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
_________________________________________________________________ 
 
 
b) What features of the online IV pump could be improved? 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
_________________________________________________________________ 
Question 6 
 
Would you like to see greater use of online teaching technologies for educating nursing 
students in the use of laboratory equipment?  Circle either -  
 
YES  or  NO  
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THANK YOU FOR YOUR INVOLVEMENT IN THIS USER PERCEPTION 
SURVEY 
 
Question 7 
Rate your agreement to the following statements about the ACTUAL IV PUMP. Circle 
either -  
SA:  Strongly Agree  A:  Agree    N: Neutral   
D:    Disagree   SD:   Strongly Disagree      
 
a) Teaching instructions about use of the actual IV pump were easy to understand 
SA   A  N  D  SD 
 
b) Video demonstration about using the actual IV pump was helpful 
SA   A  N  D  SD 
 
c) Insufficient time was allocated for instruction on the actual IV pump 
SA   A  N  D  SD 
 
d) Enough time was allocated for practice with the actual IV pump 
SA   A  N  D  SD 
 
e) I feel confident using the actual IV pump 
SA   A  N  D  SD 
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Question 8 
Would you like to see greater use of online teaching technologies for educating nursing 
students in the use of laboratory equipment? Circle either -  
YES  or  NO  
   
THANK YOU FOR YOUR INVOLVEMENT IN THIS USER PERCEPTION SURVEY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
